INTRODUCTION
Hyoscyamus sp. is one of the most important medicinal plants belonging to the Solanaceae family. The plants of this family are well known as a natural source of tropan alkaloids including hyoscyamine, scopolamine and atropine (Suzuki et al., 1991; Kartle et al., 2003) and are cultivated for their medicinal compounds. The origin of *Corresponding author. E-mail: alietminan55@yahoo.com.
Hyoscyamus species is Africa and South west Asia, and one of the most famous Hyoscyamus sp., Hyoscyamus niger, is widely distributed in Europe and Asia (Sajeli et al., 2006) . The variation in environmental conditions in Iran, makes a very wide diversity of Hyoscyamus sp. such that in taxonomic studies, 13 Hyoscyamus sp. have been reported from Iran (Sheidai et al., 2000) . The study of genetic diversity is the first step of a breeding program and genetic resources that are very valuable for breeders. Genetic variation might be evaluated by assessing morphological or biochemical traits but molecular markers. In particular, DNA-based markers provide the best assessment of genetic variation because they are plentiful and are not dependent on environmental effects. This made this evaluation more efficient and reliable (Dongre et al., 2007) . After the development of polymerase chain reaction (PCR) technology (Saiki et al., 1985; Mullis et al., 1986) , several PCR-based markers were developed and applied to assess the genetic variation among populations and genetic resources. These marker systems are different in technical principle, type of inheritance, reproducibility, amount of polymorphism and in their costs (Powell et al., 1995; Schulman, 2007) . The amplified fragment length polymorphism (AFLP) technique (Vos et al., 1995) is one of the best marker systems that can be used to detect high levels of DNA polymorphism and is extremely promising for genetic diversity studies (Powell et al., 1996) . Retrotransposon AFLP is a modification of the AFLP methodology. In this fingerprinting technique, amplification is achieved using one AFLP primer in combination with one sequence-specific retrotransposon primer. Sequence-specific amplified polymorphism (S-SAP) is one of the several retrotransposon-based marker systems that has been developed to assess the polymorphisms at the DNA level (Waugh et al., 1997) . This marker system has shown higher levels of polymorphism than the standard AFLP (Labra et al., 2004; Sensi et al., 1996) . The S-SAP method has robust reproducibility and is straightforward in the detection of polymorphism (Wegscheider et al., 2009) .
The objective of this study was to estimate the genetic diversity among the accessions of Hyoscyamus germplasm using AFLP) and retrotransposon AFLP techniques, and assess the relative informativeness of retrotransposon AFLP and standard AFLP markers.
MATERIALS AND METHODS

Plant material and DNA extraction
The seeds of 45 accessions of Hyoscyamus sp. from different wild habitat areas of Iran were obtained from Research Institute of Forest and Rangelands (RIFR), Karaj, Iran (Table 1) . Voucher numbers of the accessions studied were deposited in the Herbarium of RIFR. Gibberellic acid and cold treatments were used to break dormancy, and the germinated seeds were transferred into pots containing top soil and placed under greenhouse conditions in the Institute of Medicinal Plant, Karaj, Iran. After two weeks, fresh leaves from each pot were picked for genomic DNA extraction. The fresh Leaves of each sample were ground to a fine powder in liquid nitrogen and total genomic DNA was extracted using Dellaporta method (Dellaporta et al., 1983 ) with some modifications. The quality and quantity of the extracted DNA were tested on 1% agarose gel electrophoresis.
AFLP assays
The AFLP procedure was performed with appropriate modifications Etminan et al. 10071 of the method described by Vos et al. (1995) . Genomic DNA was double-digested with two restriction enzymes (EcoRI and MseI). 10 µl of genomic DNA (250 ng) of each sample was mixed with 4 µl Tango buffer(10x), 5 µl sterile distilled water and 2.5 unit of each restriction enzyme and incubated for 3 h at 37°C and 1 h at 65°C, respectively. The digested fragments were ligated to double stranded adaptors appropriate with the EcoRI and MseI restriction sequences (Table 2 ) with 1.5 unit T4 DNA ligase and incubated for 3 h at 37°C. The ligated DNA fragments were diluted three times with sterile distilled water and stored at -20°C. This was done to prepare template DNA for first step of amplification and this is called preamplification. Preamplification was carried out using non-selective primers (E000 and M000) in a 25 µl reaction volume containing 3.75 µl of (1:3) diluted ligation product, 1 unit of Taq polymerase, 1X Taq polymerase buffer, 0.4 µM of each of the two primers, 150 µM of each of dATP, dCTP, dGTP and dTTP, and 2 mM MgCl2. This amplification was performed in a thermocycler programmed for 25 cycles, each consisting of 1 min at 94°C, 1 min at 60°C and 72°C for 2 min. The final extension was done at 72°C for 7 min. The preamplification product was diluted 1:9 in sterile double distilled water to prepare template DNA for selective amplification. Selective amplification was performed in a 25 µl reaction mixture volume containing 3.75 µl of diluted pre-amplification product, 1x Taq polymerase buffer, 2 mM MgCl2, 1 Unit of Taq polymerase, 150 µM of dNTPs, and 0.4 µM of each of the two primers with two or three additional nucleotides at the 3´end. For the selective amplification step, the following cycle profile was used: 5 min at 94°C for predenaturing, 35 consecutive cycles each consisting of 1 min at 94°C for denaturing, 1 min at 65°C for annealing and 2 min at 72°C for extension. After these 35 cycles, a final extension step was done at 72°C for 7 min. 20 primer combinations were used for diversity assessment. All adaptors and primers are listed in Table 2 . The PCR reactions with retrotransposon primers were performed in the earlier mentioned procedure by replacement of a retrotransposon primer with one selective primer. The PCR products were separated on denaturing 6% (w/v) polyacrylamide gel electrophoresis. For amplified fragment detection, silver staining method was used as described by Bassam et al. (1991) .
Band scoring and statistical analysis
Polymorphic bands obtained from both marker systems were constructed by scoring 0 and 1 for absence and presence of bands, respectively. The generated data matrixes were subjected to statistical analysis using the NTSYS-pc analytical software (Rohlf, 1998) . Genetic similarity estimates, were calculated using Dice coefficient of similarity (Nei and Li, 1979) . The accessions were grouped by cluster analysis using the unweighted pair-group method (UPGMA).
RESULTS AND DISCUSSION
Molecular markers, in particular DNA based markers provide reliable genetic information because of the independence of the confounding effects of environmental factors (Powell et al., 1995) . In this study, two DNA based marker systems were used and compared for assessing the genetic relationships among 45 accessions of Hyoscyamus sp. Both marker systems however, were similar in principle but they showed some differences in amount of polymorphism detected.
Analysis of banding patterns of 18 AFLP primer combinations revealed 264 polymorphic bands with an average of 14.7 fragments per primer combination. The highest and the lowest number of polymorphic bands per assay were 23 and 5 bands, respectively (Table 3) . Moreover, the five retro/AFLP primer combinations generated 42 clearly scorable polymorphic bands across 45 genotypes. The number of polymorphic fragments for each primer pair, varied from 5 to 12 with an average of 8.4 polymorphic fragments per primer combination ( Table Table 2 . Adaptors and primers used for pre-amplication and selective amplication of 45 accessions of Hyoscyamus species. 3). The average polymorphism scored per assay was 14.7 with AFLP compared to 8.4 with retro/AFLP, whereas higher levels of polymorphism for retro/AFLP system compared to standard AFLP were reported in earlier studies (Sensi et al., 1996; Labra et al., 2004) . This higher level of polymorphism for AFLP compared to retro/AFLP may be due to the use of unsuitable retro/AFLP primers. In addition, the number and the kinds of primers used (18 primer combinations in AFLP compare to 5 primer combinations in retro/AFLP) may also affect the levels of polymorphism among different markers. Considering earlier reports, the number of primer combinations may also affect the correlations among different marker systems (Belaj et al., 2003) .
Adaptor Sequence (5' -3')
E adaptor1 CTCGTAGACTGCGTACC E adaptor2 AATTGGTACGCAGTCTAC M adaptor1 GACGATGAGTCCTGAG M adaptor2 TACTCAGGACTCAT Primers Sequence (5' -3') M000 GATGAGTCCTGAGTAA M35 GATGAGTCCTGAGTAAGAG M22 GATGAGTCCTGAGTAACCC M20 GATGAGTCCTGAGTAACAT M17 GATGAGTCCTGAGTAACAA M-GC GATGAGTCCTGAGTAAGC M-TA GATGAGTCCTGAGTAATA E000 GACTGCGTACCAATTC E-46 GACTGCGTACCAATTCGTC E-11 GACTGCGTACCAATTCAGG E-8 GACTGCGTACCAATTCACT E-2 GACTGCGTACCAATTCAAC E-TG GACTGCGTACCAATTCTG E-TAT GACTGCGTACCAATTCTAT E-TA GACTGCGTACCAATTCTA E-CG GACTGCGTACCAATTCCG Tagermina AGAGGAGGATATCCCAACAT Bar1 CTAGGGCATAATTCCAACA
Estimates of genetic similarity
A summary of the genetic distance estimated between pairs of genotypes, calculated for each marker technique is reported in Table 4 . Retro/AFLP data showed the highest range of genetic distance among 45 accessions (from 0.08 up to 1) with an average of 0.65. Minimum, maximum and average values of dissimilarities based on the 264 AFLP markers were found to be 0.16, 0.69 and 0.44, respectively. These results revealed that retro/AFLP data gave higher average genetic distance than AFLPs.
Estimates of genetic distance of both marker systems based on the 306 polymorphic bands between 45 accessions ranged from 0.15 to 0.7 with an average of 
The genetic distance patterns between
Hyoscyamus sp. accessions, expressed by the AFLP and retro/AFLP dendrograms were relatively different. For example in AFLP analysis, two accessions from the Golestan province (16 and 17), had the lowest genetic distance (0.16), while in retro/AFLP analysis, the lowest genetic distance (0.08) were detected between Mahabad accession (9) and Ardabil accession (23). The frequency distribution of genetic distance between pairs of accessions based on both marker systems indicates a normal distribution (Figure 1 ). The same results have been reported in B. carinata genotypes (Genet et al., 2005) .
Cluster analysis
The dendrograms generated with hierarchical unweighted pair group method with arithmetic mean (UPGMA) cluster analysis based on data obtained by AFLP, retro/AFLP and AFLP+ retro/AFLP are shown in Figures 2,3 and 4. The cophenetic correlations between the similarity matrix and corresponding dendrogram were found to be 0.88, 0.87 and 0.9 for AFLP, retro/AFLP and AFLP+ retro/ AFLP, respectively (Mantel, 1967) . The dendrograms derived from AFLP and AFLP+ retro/AFLP markers were more similar to each other when compared to the dendrogram generated based on retrotransposon AFLP data. Cluster analysis of AFLP + retro/AFLP data classified all 45 accessions into ten different groups. According to the analysis, the first cluster contained 29 accessions of H. niger and four accessions of H. reticulatus distributed into several sub-clusters based on the species and the origin of accessions. Two other accessions of H. niger (4 and 30) were represented as individual branches in the cluster. All accessions of H. muticus (31, 43, 44 and 45) were clustered as four individual groups. Among the three studied accessions of H. senecionis, two accessions (1 and 3) from the Yazd province were placed in the same group but another accession (42) was represented as individual branch in the cluster. All accessions of H. puccillus (2, 5 and 6) from the Yazd province were classified in the same group. Similar results were obtained from the dendrogram of AFLP. For instance, among the 31 accessions of H. niger, 29 accessions clustered together in the same group and all accessions of H. puccillus (2, 5 and 6) from the Yazd province were classified in the same group but some differences were found between the dendrograms of retro/AFLP and AFLP+ retro/AFLP, as well as in the retro/AFLP dendrogram accessions 43 and 44 grouped together, whereas these were in different subgroup in the AFLP+ retro/AFLP dendrogram.
The results of cluster analysis showed that the classification of accessions was almost according to their origins and species. For instance, three accessions (2, 5 and 6) of H. pucillus from the Yazd province were classified in the same group using all three marker systems. Separation of the species H. pucillus is confirmed by isozyme analysis (Sharifi et al., 2006) and seed storage protein analysis (Sheidai et al., 2000) . On the other hand, in some cases, the estimates of comparative genetic distances among accessions did not entirely correlate with geographical distances of their origins. For example, some accessions of H. niger originating from the Sanandaj province, such as 30 (Marivan accession) and 25 (Baneh accession) were placed in two separated sub cluster in contrast to their low geographical distance. This classification may be due to the unique genetic background of these accessions. This is in agreement with some earlier studies to assess the genetic diversity using AFLP markers in Daucus carota (Bradeen et al., 2002) , Bunium persicum (Pezhmanmehr et al., 2009) , Phaseolus vulgaris (Martins et al., 2006) and Matricaria chamomilla (Solouki et al., 2008) .
In conclusion, AFLP and retro/AFLP data sets showed a high level of polymorphism among Iranian accessions of Hyoscyamus sp., reflecting their efficiency in the assessment of the genetic diversity. This can be used for germplasma management and breeding.
